Materials. Hydroxyethylcellulose (HEC; MW~1,300 kDa) and methylcellulose (MC; MW~90 kDa) were obtained from Sigma-Aldrich. Colloidal silica particles (Ludox® TM-50; d~15 nm) were obtained from Sigma-Aldrich. APP was obtained from Sigma-Aldrich or from Parchem. PC was provided by Phos-Chek.
using a 60 mm cone plate (Peltier plate steel; 2.007°) from 0.1 rad/s to 100 rad/s. The applied torque required to stay in the linear viscoelastic region was obtained from amplitude sweeps conducted for each formulation. Steady shear experiments were performed using the same geometry and were done from 0.1 to 100 s -1 .
Step shear experiments were performed using a 60 mm cone plate (Peltier plate steel; 2.007°) alternating between 120 s at 100 shear rate (1/s) and 60s at 0.2 shear rate (1/s). Relaxation times were calculated by fitting the viscosity recover after 100 shear rate to the following equation: = %& ' + ) where τ is the relaxation time, ) is the plateau viscosity, and A is a scaling constant for the initial viscosity. Low shear-rate steady shear experiments were performed using a 60 mm cone plate (Peltier plate steel; 2.007°) from 1 shear rate (1/s) to 10 -5 shear rate (1/s). Dynamic yield stresses were calculated by fitting the shear-stress versus shear-rate plots to the Herschel-Bulkley equation for points up to 10 -2 shear rate (1/s).
Herschel-Bulkley equation: = + +
. where is the shear stress, + is the yield stress, K is the consistency constant, is the shear rate, and n is the power law exponent.
Cytotoxicity studies. Cytotoxicity experiments were conducted with formulation 1 at different dilutions testing for relative cell apoptosis using adult human dermal fibroblast (HDFa) cells. A Caspase-Glo 3/7® (Promega Life Sciences) assay was used to access caspase 3/7 activity.
Human dermal fibroblasts (HDFa; ATCC) were seeded at a density of 5,000 cells/cm 2 in a 96 well plate. Cells were incubated under tissue culture conditions (37ºC and 5% CO2) for 24 hours. Next, 1 and serial dilutions of formulation 1 were added to experimental wells. After 24 hours, Caspase-Glo 3/7® assay was performed and luminescence was analyzed on a plate reader (BioTek Instruments, Winooski, VT).
Biodegradability studies. The chemical oxygen demand (COD) and biochemical oxygen demand (BOD) of the HEC/MC and HEC/MC/CSP mixtures were determined according to standard methods 39 . The seed was domestic wastewater that was aerated for 24 hours prior to the test. The positive control used in the BOD test was a mixture of glucose and glutamic acid (BOD Standard Solution, Hach, Loveland, CO). For anaerobic biodegradability, a biochemical methane potential (BMP) assay based on reported protocols was used 40 . The concentration of polymer mixtures used was 1.8 mg COD/L. The inoculum used was effluent from a wastewater treatment plant anaerobic digester (Oceanside Water Pollution Control Plant, San Francisco, CA). The nutrient/trace metal media was adopted from reported protocol adjusted to STP conditions. The total volume of the polymer mixture, inoculum, and nutrient/trace metal solution was 100 mL and was sealed in 160 mL serum bottle with butyl-rubber stoppers. The headspace was flushed with nitrogen gas to establish anaerobic conditions. Triplicate bottles were incubated at 37°C for thirty days and gas chromatography was used to determine methane concentrations of the produced gas. Gas production from blanks consisting of only inoculum was subtracted from each sample.
Laboratory spray experiments. 100 mL of each formulation was loaded into a backpack sprayer (Field King) and sprayed onto a layer of grass taped to a wood slab. The nozzle was placed ~30 cm away from the grass and sprayed in bursts. The videos were captured using a Canon EOS REBEL T5i/EOS 700D DSLR camera.
Laboratory water drop test. 1 mL of PC or of each PP material formulated with ammonium polyphosphate was pipetted onto a glass slide and allowed to dry overnight. These glass slides were then placed at a ~50° incline and water was dripped onto the dried sample from a nozzle ~1.3 cm above the slide in a controlled manner using a syringe pump. The syringe pump was set at a flow rate of 5 mL/min and a total of 20 mL of water was applied. A Canon EOS REBEL T5i/EOS 700D DSLR camera was used to take videos and images.
Laboratory treatment retention experiments. Grass (150 g) was spread out over an aluminum foil grill pan (29.8 cm length x 23.5 cm width x 3.8 cm depth) placed on top of a collection pan to catch runoff. Then, either treatment 1 or PC (200 g) was applied by spraying onto the grass using a backpack sprayer (Field King). The mass of the runoff was measured. The grass was then transferred to a separate pan and placed in a 130°C oven to dry overnight to a consistent weight.
The final weight of the grass was measured and compared to the untreated control to quantify the amount of treatment adhered on the vegetation. Treated vegetation (20 g) was then spread out over an aluminum foil grill pan (29.8 cm length x 23.5 cm width x 3.8 cm depth) and weathered with either 0", 0.25" or 0.5" (0 mL, 445 mL, 889 mL) of simulated rainfall. The grass was then placed in a separate pan to dry at room temperature for 2 days. The grass was then ground to create homogenous mixtures. Homogenized grass (200 mg) was measured into 20 mL scintillation vials and Piranha solution (3:1 sulfuric acid: hydrogen peroxide; ~4 mL) was added and left overnight in a fume hood at 130°C to completely dissolve the solids. The resulting solutions of treated vegetation were then diluted to a final concentration of 2 mg/mL. The final solution was filtered through a 0.22 µm polyethersulfone filter and the phosphorus content was measured using inductively coupled plasma optical emission spectroscopy (ICP-OES). Videos were taken on grass taped to wooden squares with each formulation sprayed in bursts through the backpack sprayer from 1 foot (0.3 m) away to determine droplet size and qualitative attributes of adherence to grass.
Laboratory-scale grass burn experiments.
Grass burn chambers (height ~12.5 cm, diameter ~11 cm) were outfitted with a furnace ignitor and thermocouple at the base, and two thermocouples at the vegetation fill line ( Figure S4a ). 4 chambers were used for each group and data was captured using 4 CR10X Dataloggers. Grass (150 g) was laid out in a ~35 cm x 75 cm rectangle and treated at a coverage level 1 (~0.41 L/m 2 ) by spraying formulations through a backpack sprayer (Field King). The grass was collected and allowed to dry in a benchtop oven (130°C) for ~5 hours until a consistent weight was reached, placed in plastic bags, and then left to cool at room temperature.
This drying procedure produces samples with 0% moisture content to ensure a probability of ignition (as defined by the U.S. Forest Service) of 100%. Samples were then weathered by simulating a rain event using a backpack sprayer and then dried to 0% moisture content in the same way as mentioned above. At this point, grass samples (30 g) were placed into each burn chamber. The ignitor was then turned on and allowed to reach 250°C before shutting it off. The thermocouple temperatures were monitored for 13 minutes using a datalogger. After the samples cooled to ambient temperature, the total mass of remaining sample was recorded. Plotted data consists of the average of the two thermocouples at the fill line. Performance was defined as: 
Pilot-scale grass burn experiments.
Grass plots (3m x 3m) were either mowed or un-mowed to simulate roadside conditions. Each plot was treated at coverage level 3 (~1.22 L/m 2 ) leaving a center circle of grass untreated, allowed to dry through environmental exposure for 2 weeks, weathered with 0.5 inches of rain, and then dried again. Overall, treated grass was exposed to the environment for roughly one month prior to burning. The untreated center of each plot was ignited with a hand torch, while a drone (DJI; Phantom 3 Professional) captured images of the burn over time from overhead. The normalized area burned was quantified using ImageJ.
Pilot-scale chamise burn experiments.
Chamise was laid out in a 3m x 3m plot and treated at coverage level 3 (~1.22 L/m 2 ) of each formulation, dried through environmental exposure for 2 weeks, weathered with 0.5 inches of rain, and then dried again. The chamise was then piled up into 1m x 1m piles and ignited from a starter bundle. A normal camera and infrared camera (FLIR®;
Vue Pro 336) were used to capture images of the burning piles. Infrared images were captured using a high-gain setting. The average temperature of each frame was gathered using MATLAB R2016b using the ATLAS SDK provided by FLIR®. A five-point moving average calculation was done on the average temperature data and then the values were normalized to the plateau temperature of untreated chamise.
Thermal gravimetric analysis. 100 mg of wood flour samples were treated with 20 mg of treatment and then placed in a vacuum oven overnight. ~10 mg of each sample was weighed out and then heated at 50°C/min to 500°C for 15 minutes, while monitoring weight loss. Reducing the CSP concentration relative to 1 reduced the crosslinking density such that no solidlike structure formation was observed. d, Formulation 3: Increasing the CSP concentration relative to 1 increased stiffness and elasticity. e, Formulation 4: Increasing the HEC/MC concentration relative to 1 while keeping the CSP concentration constant did not appreciably increase the stiffness or elasticity. f, Formulation 5: Interestingly, doubling both the HEC/MC and CSP concentration relative to 1 increased the stiffness of the resulting materials, but did not significantly alter the frequency-dependence of the moduli or elasticity compared to 1. g, Dynamic viscosity of each formulation evaluated as a function of frequency. Comparison to Figure 3 indicates the empirical Cox-Merz rule is observed. Figure S3 . Images of sessile drop experiment. Each formulation was pipetted onto the grass surface and images of the advancement and retraction of the drop were taken. While PC exhibited a stable droplet formation, the PP formulations demonstrated unstable droplets that indicated a spreading coefficient ≥ 0. Figure S4 . Scanning Electron Microscopy. a, SEM images of untreated, dried grass. b, SEM images of grass treated with PC and dried. Needle-like clumps were scattered throughout the film. The cross section shows a relatively thin layer. This thinness is partially due to the lack of adherence upon spray and partially due to the weak retention of the layer that is susceptible to flaking off during handling of the samples. c, Images of grass treated with 1. These films are thicker and different in morphology than PC films. Compared to the needle-like clumps, the clumps in 1 films are more space filling. where is the shear stress, + is the yield stress, K is the consistency constant, is the shear rate, and n is the power law exponent. Models were applied to all values below or equal to 0.02 1/s. b-d, Steady-shear data plotted as shear-stress versus shear rate for each formulation. The black lines represent Herschel-Bulkley fits. Overhead image displaying the establishment of 3m x 3m grass plots that were either mowed or left standing, and either untreated or treated with different coverage levels of 1. These burn studies were performed alongside firefighters from Cal Fire San Luis Obispo near Santa Margarita California. Figure S10 . Pilot-scale burns of mowed grass. Overhead images of 3m x 3m mowed grass plots that were untreated or treated with different coverage levels of 1 dried and allowed to completely over the course of ~2 weeks (exposing the sites to the environment as they dry) prior to burning. Images were taken 60 seconds after ignition. The normalized area burned over time demonstrate that direct application of formulation 1 at any of the coverage levels tested prevents ignition and spreading of fire. Figure S11 . Pilot-scale burns of mowed grass with weathering. a, Overhead images of 3m x 3m plots of mowed grass untreated or treated with formulation 1 at different coverage levels (CL1, CL2, CL3, or CL4), that were allowed to dry completely, weathered with 0.5" of simulated rainfall, allowed to dry completely again, and then burned. b, The normalized area burned was quantified and demonstrates that CL2 (~0.82 L/m 2 ) is sufficient to preclude spreading of the fire after extensive weathering of the treated vegetation. 
